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Introduction 


With the entry of the United States in world war II, 
one of the many pressing problems was obtaining the neces- 
sary supplies of shells for the U. 5S. Army. Companies, 
large and smell, were given orders to produce shell forg- 
ines, In most cases peace-time machinery was converted to 
war-time production; in some cases inte machinery was 
obtained. In all plants, however, many problems arose which 
presented a challenze to the industry. In order to make a 
comprehensive study of the forszing of shell steels and all 
its ramifications, the War Department detailed a special 
research committee of the American Society of *echanical 
Engineers to make a thorouzh investication of the probdlems 
and methods of making shell forgings with the aim of dissemi- 
nating the resultine information for the zood of all concerned 
so that problems could be overcome, methods improved, steel 
saved, and production increased. The report of the conmittee 
is an exhaustive report covering all phases in the forcing 
Of shells includins forcing methods, stell selection, forces 
required, and costs of production. 

This paper is essentially a review of the various forg- 
ine methods employedby the industry in the manufacture of 


Army 75 om., 90 mm., 105 mm., and 150 im. high explosive 
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shells as reported in the special committee report to the 
War Department. 

In order to obtain a clearer picture of the general 
flow of materials in producins shell forcings, a brief 
review of the usual processes is discussed. 

The first problem is the selection of the steel to be 
used. The actual composition of the steel, as seen later, 
was specified by the government, od.ut a further problem must 
be solved in decidins what size and shape of steel stock is 
to be used. In some cases round bar stoc: is used; in 
others square sectioned or squaresectioned with bevelled or 
rounded corners is used. The cross section selected depends 
upon the size of the shell forging made, the cost and 
availability of the various shapes, and the type of forsins 
and heating equipment avail@le. Close tolerance round ber 
stock was preferred but it was more expensive and was diffi- 
cult to obtain on the open market. Round cornered square 
stock was used in many cases. 

Having received the steel selected the manufacturer 
had next to cut it up in small sections called slues for 
the making of the forgings. In the case of the smaller 
shells the lons bar stock was heated at one end, forged, 
and then the forging cut off from the remaining bar stock 


which was again heated for another forging. In most cases, 
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however, the lont bar stock was divided into so-called slugs. 
One or two slugs depending on the shell size, contain enough 
steel for the forging. The process of cutting off these sluzs 
is known as billet separation. Many methods are used. In 
some cases the slugs are sheared off, sometimes sawed, some- 
times cut off with torches. Another prevelant method is to 
nick the bar stock at the proper length either mechanically 
or with a torch. The bar is then placed under a press where 
the sluz is broken off. Again, the method used depends on the 
facilities available and the costs of the different methods. 
ko method has all the advantages. 

The next step is to heat the slugs to forging temperature, 
about 2300 dezrees F. The problems here are manifold and in- 
clude proper temperature control, uniformity of heatins, pre- 
cautions against overheating and <«xcessive scaling. Many types 
of furnaces are used; some have rotating hearths, some have 
inclined hearth bottoms, but in all cases care must be exercised 
in this staze of operations. 

Following the heating the slugs are descaled, either man- 
ually removing the scale with a scrapins tool or using mech- 
anical scrapers. 

After descaling, the slugs are forged. The various for- 
sing methods in general use are described fully in the body 
of this paper. 

The forgings are then cooled and inspected. Those that 
pass inspection are then given a nosing operation and then 


sént to the machining company where the shells are roush and 
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finished machined. ‘he shells that fail insnect’on are 
"hospitalized" if possible, that is, salvased if the defects 
are slight. 

AS will bo seen there are a sreat variety of methods em - 
ployed in the actual process of forgins the shell blanks. Just 
what method is used asain depends on the many factors involv ed, 
such as the machinery available, the economics of the prob- 
lem, and the experience of the company. it is difficult to 
say which method or combination of methods is best, since what 
is best for one type of shell may not be best for a different 
type shell. Furthermore, the ability to convert the machinery 
back to peace-time production is an ever important factor to 
the manufacturer. 

For the smaller shells(75mm. end %" A.A.) the upsetter 
method and the French extrusion meti:od anpeared to be the most 
economical. For the 90mm. shells the automatic vrogress ve 
pierce and draw method arpeared cheapest. For the 105nm. the 
pierce and draw method was best. In the case of the 155mm. 
shells the one shot process was b, far the most economical. 
Thus it is quite evident from the findines of the committee 
that no one method is the best fos every @gase. One fact, 
however, stands out sicsnificantly and that is the ability 
of the American producer to adapt his evistin=s equipment to 
the production of ar material. The methods to be described 
were all su,cessfully emoloyed and reveals again that there 


1s more than one way to do tre job. 
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Shell Forging, General 

Generally speakinzs, the forging of shells appears sin- 
ple enough for all it amounts to is foreing a punch into a 
heated slug which 1s held in adie. There are, however, 
many attendant diff’culties which plague this simple process. 
The cavity may be eccentrically placed, the shells may stick 
in the dies, the punch may stick in the shell, the forging 
may not have completely filled the die, or the punch and dies 
may oreak or wear out rapidly. 

tO obv’ate these difficulties various remedies apveared. 
High alloy steels were used for dies and punches, punches and 
dies were indexed, dies were made with removable conical 
bushings, shell ejectors were designed to eject the shell 
from the die, lubrication of die and punch was tried, better 
heating of the slurs before forging was practiced. A few 
producers made the finished product from one sintle forging 
operation called the “one shot process", but most of the 
others accomplished part of the formine oneration in the 
forging press which gave an intermediate product that had to 
be further elonrated by pushins this semi-finished blank 
throush a series of draw rings or rollers on a go-called 
draw bench. This is the so-called "pierce and draw" process. 
There are many variations to the above methods, b t the prin- 
Ciples are the same. Some machines are hydra:lically, others 
mechanically ootrated. Some have vertical pilercins presses 


others horivonial, 
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. During World “ar I there were s0 many unsolved problems 
attending shell forging that in fe nerel the cavities had to 
be “inished machined. The oresent forcine precticea, however, 
delivers the shell ‘corking «ith a forge finiehed cavity 
which meets the srecifications as to dimensions and finieh. 

come efforts heve been mede to make centrif-zvally cast 
Shells but the method is anparently too exoens ve. 


The reneral shape oftne formine 1s sketched below, 





After the forsing operation ls Gomoleted the forging 
mut be nosed and its exte~tLor machined to final size. The 
steel] used in these forcings was, up until about the middle 
of 194%, the Sas %-1740 steel of the followifiy comnowition: 
carbon, 0.3°-O0.4°3 mencanese, 1.75-1.6%; ochesphorous, WAS 
M@x.;Sulphur, 0.075-0.15 ner cent. ‘this steel was a hich 
wanmramse, hich sulshur ste@l which, althouch 1% led to such 
forsine difficulties es eecentricities, lonc-itudinel crecke, 
and red shortness, did have frec machinins auw@lities. in an 
effort te save the stock of alloys and in ord’r to meat high- 

r specifications as to pvhysical prop rties a new steel was 
introduced in mid 194° desienated » [95-7 (ar Department Jpe- 
Clal Steel),  lts composition was as follows: carben, 046; 


anmanse, 1.99 sax.3 phos.,0.065 war.; eulphur, %.05 mea.; 
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sllicon, O.15-0.38 per cent. xsesidual alloys in this steel 
were not to total over 0.50 per cent, and were allowed as 
follows: niekel, 0.35° max.3 ¢chromium, 0.30% max.3 and cop- 
per, 0.25% max. This steel reduced the use of mancense and 
Sulphur. The desired strens#@n and other properties in the 
steel were eta aaie by heat treatment. The sudstitution 
of “935-35 for ¥-1240 led to no particular difficulties in 
the forgings operation and heat treatment, but did lead to 
considerable trouble in the machining operations. The change 
led to an immediate slump in production. Retooling at the 
mechinins lines finally regained about half of the losses in 
production so that by the ind of 1947 production was still E- 
15% below what it was when X-13540 was used. 

Besides the saving of alloys a program was @150 carried 
out to save steel by the use of a "weight allocation” system 
which aimed at limiting the maximum permissible weight per 
forgine ‘neludinz the weight of steel which was not converted 
into shell forging. Not all methods of forging were able to 
stay within these limits which were very close and de. anded 
sO00d production control and practice. Tor example, in the 
cese o* the 90mm. Shell the allocated weight for bar stock 
was set et 70 los. Where the producer did the forsinz only 
and then sent his product to another factory for machining 
the averase weights of forgings by different methods was as 
Pollows: ‘psettev, *743; Pierce and draw,32.67 ; other methods, 
23.07. If the forgins and machining were done at the same 


plant czxoperation between departments was better and in this 
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the plants were able to stay inside the allowed limits with 
averazes between 27 and 28.83 lbs. for the finished forging. 
The game situation was generally found in the case of 75mm. 
and 155mm. shell production, 

Otner methods of saving steel were used such as buying 
the steel in multiples of slugs weicht thus eliminating end 
scrap, and by better nosing procedure in the case of 155mm. 
shells. 

Wlth this backround of the szeneral vroblems to be met 
in the forging of these shells and of the eteel used we are 
ready to proceed with the various methods of manufacture. 
These may oe rouchly classed as follows: the one shot process, 
hydreulic piercing and drewing, mechanical piereins and draw- 
ing, the French extrusion method, prosressive piercings or 
upsetter method, and the picree hammer and draw method. 


The One Shot Process 





As the name of the process indicates, the forcing is 
completed in one oneration. The process head been tried un- 
successfully man» times but hes finally been perfected. At 
the time of the report (1945) only one producer in the U.S. 
and two in Canada were usins the process. 

The method became successful when extrusion (the flow of 
metal in the onnosite direction to that of the sunch) was 
eliminated. It was this backward extrusion which ancrweved 
the piercins pressure excessively due to friction tet hed 


previously caused the failure of the process. Furthermore, 
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it is also known that the use of e lonz slender punch (as 18 
required in this process since the shape of the nunch must be 
tiat of the finished cavity) requires zreater viercing vressures 
since more extrusion senerally takes plece. To defeat this 
tencency toward extrusion the vertical forge press was so de- 
Signed that the dle bushing was axially fixed but the die base 
was allowed to recede whenever the force on it exerted by the 
punch exceeded a certain adjustable value, 

The Canedien presses use four indexed punches (use of 
four punches in rotation; while one is in use the others are 
being cooled and lubricated) fitted with removable punch tins 
for ease of replacement. <A piston in the bottom or the die 
Which receded was capable of being adjusted to variable set- 
tings before recession began. The setting must be adjustable 
to account for differences in the shell material and different 
rouchnesses of the die due to wear. The Canadians use a for - 
sing, tempera ture of about 2200 desrees F. which requires high- 
er pressures than those in the U.S. where hisher temperatures 
are senerally used. The venetration is in the order of six 
punch diameters. The die is a split die so it can be opened 
for shell removal. 

‘he American process is similar e cept that a different 
means of controlling the time of die bottom recession 1s 
used and that the die (cast iron) is, when first inetalled, 
so desicned that it hes four loncitudinal saw cuts on the out- 
side of its cylindrical s'rface, After use the die breaks 


1 neitud’nally into quarters perméitting shell ejection. 
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This procedure, however, produces four lon=itudinel, searcely 
visible overfills in the forine. 

The U.S. method also uses a collar at the top uf the for- 
sing so that the forging is definitely in tension; this reduces 
the pressure on the dis bushing and supposedly improves the 
concentricity. No eoller is used in the Canadian system, el- 
though here alse the forging is in tension since the too of 
the die grips the forging very tightly. 

In the U.S. method a further opntration must b performed 
on the forging after it leaves the one shot press; that consists 
ofsetting the bottom in another press. Teennically then, the 
JeS. process is not really a one shot method even thuugh only 
& small deformation occurs in the second press. 

The slug used im the Canedian press is souare sectioned. 
The halves of the die are clamped over the slug by means of 
hydraulically driven wedges. in the American press the slug 
used is 4 square with rounded corners. in both presses the 
shaped of tre slug Chanses from square to round as the punch 
penetrates, 


Hydraulie Piercins end  lonvatines 





In general this met od vhich was the primary meth d used 
in World War I conelsets of forcing a cunch into 2 round or 
Square sectioned slug which produces a cup in the slug. The 
Sluc is then foreed, by means of ¢ mondrel, throush smeller 
and smaller die rings or other elonzatine machinery so that 
it is lenetnened ad reduced in diameter. 

ihe precess is by no means stanhardizved; there are many 


variations includine: 
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- «tne punch enters from above. 


wy FF 
ae: 
> 
4) 


punch enters from below. 


The slug is cylindrical. 


Un 
e 


4. The sluz is prismatic, i.e. square sectioned with 
rounded corners. 

e. he slux is square sectioned with rounded corners 
but tapered in length. 

6. ‘ihe cup produced is short and thick requiring great 
subsequent reductions. 

7. The pierced blank is almost finished, requiring little 
subsequent reduction. 

8. ‘the die bushing is cylindrical. 

9. ‘he die bushing is tapered. 

10. Previous to viereing the slus is driven hard into 
the bushing; i.e. it is slugged or squashed. 

ll. In the slugging process a cavity may s metimes be 
made to guide the plercins punch. 

le. The punch is centrally held by a vilot ring. 

13. the punches are indexed. 

14, Punches ad die bushings are indexed. 

1. The punch and or the mandrel are water cooled inside, 

16. Drawinz is done in ring dies. 

17. Drawings is done in roller dies. 

18. Zlonvating is accomplished by cross roiling. 

In this vrocess the slug is pierced in a vertical press. 


Usually the punch descends on the slug but the reverse is used 
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in some cases shce it is claimed that better eoncentricity end 
freedom from scale wesult. Cne of the bi cest vroblems in 
shell manufacture is the avoidance cf eccentricity of the shell 
cavity. 

In the case where the punch enters from above several 
procedures are used to hsld the slus in a central position so 
eas to avoid eccentricity. One of these is to fit the slug 
into the die bushings as closely es the roilinse tolerences 
permit; this requires dies of little or ns taner. Another 
metnood is to use sylit dies. Another method consists of 
Slucsing or squashing the hot billet prior to piercing so 
that the upper end, at least, of the slus is then expanded 
in cross section and fits the die snurly. if the forging is 
to be boat tailed then the sluzzinz opersutivn also squashes 
the corner of the slus into the boat tail and thus holds the 
base central also. The slucsins also levels of the top of 
the slus wich if in@lined may Jeflect the plereing punch. 

The sluecinz may also be done to sive e flat surface or to 
make a smull cup in the top of the slug to ruide the piercing 
punch, After slugzine the tools are usually in.exed to bring 
the piercing tools into operation. If the press is not so de- 
Signed tne slux mey have to bs transferred to an ther die 

or the teols changed. The press may be desisned to slug 
partly or to sluz completely althourh in the latter case 

high pressures and back flashing are encountered. lechanical 


presses s ould not attempt complete sluzzins for the case of 
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Slightly overweight bdillets the pressures resulting may ruin 
the voress. 

The use of slugging, though ensuring better eoncentric- 
ity, requires greater subsequent piercing pressures, reduces 
die life since the slus is in tre die longer, and reduces the 
life or the suneh on the slugeing tool due to the scoring 
caused by the flow of metal under hizh pressures around it. 

Another method used to center the slug and the punch is 
to use a guide ring or pilot cover which is placed in positicn 
manually in small presses. The guide ring is centered by the 
die bushing and holds the top of the slug in a central sosition. 


Th 


it 


Ying hes in it a suiding hole for tue piereins punch. 

The thickness of the ring is such thet the ecylin’rical portion 
of tne punch is in contact with the close fitting hole of 

the guide ring before the punch begins to enter the slug. 

This prevents ang sidewise mtiotion of the punch which would 
cause eccentricity even though the sluz was held centrally. 
Where large presses use rings so larze they can not be placed 
Manually they may be suspended by chains so us to rise up 

and down with the punch which they surround, 

The size of the slum used with the guide ring and the 
S8ize of the ring itself are critical when non squashed slugs 
are used or else the slua will stick ln the guide ring. 

A still another method of holding the slug central which 
can be used only on very rigid machines is to use split cylin- 
drical die bushinszs which can be clamped over the rough edges 
of a slu- and squeeze them into concentric position if the slug 


has been uniformly heated. 
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In some cases round cylinirical slugs #e sued but in 
most cases square sectioned slugs with rounded or cnamfered 
corners are used. The round huxs extrude more snd cost sore 
but are more easily heated, oroduce less scale per unit 
weight, are more easily centered, and produces more uniform 
wear on the die bushing. ‘When usiny a round sluz tre flow of 
metal is such that it first fills up the small clearance in 
the die and then begins to atrude or flow bac. against the 
punch with conseqvent hiwzh pressures on the die and sunch. 

In the square slusx the attemot is made to have the metal dis- 
placed by; the punch fill up the die so that the end vroduct 
is completely foreead into all parts of the die. Actually 

the metal flow is as follows: the slug is first shortened un- 
til enough friction is created to hold it in places it tien 
proceeds to fili uo the die and finally near the ena of the 
stroke some extrusion occurs. The size of the maximum round 
cornered square to use so as to just fill in the die can be 
determined from the followins formula which is usually used 


as a suide only: 
2 


Cd 


-3,22ers f 2.45r"2 1.3754" where, 

9 is the length of e side of the square 

ris corer radius of the sluz 

d is the diameter of the piereing punch. 

Tne shave of the billet was chanzed from the ilirst used 
square billet to a round cormered or vevelled cormered square 


sO as tO prevent laps and seams in the fOrains. 


TT eo 
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After the intermediate blank is pierced it is elongated 


by forcin~ it by means of a mandrel through a series cof draw 


rings each somewhat 


smaller than the precedinz. The overation 


reduces the diameter of the blank as well es eclonzates it. 


In some ceases roller 


ics are used instead of the rings dies. 


(%: 


In a still cifferent process a cross rolling till is used to 


affect the reduction and eloncation,. 


In the latter process three driven humped rolls are used 


as gn adaptation cf the seamless: tube drawinz process. 


roil is set so thet its centerline, 


plane defined by 


the mill, would oe cffse 


of the Ail, 


Ficht angies to that plene, he 


i) 


? 
Sx 


ré 


Thus, 


than in the other 


in this method, 


su@eh 
if it were loceted in a 
the center of the roll and the center of 


anout 7 dezrees with the csnterline 


t 
Hach roll is turned 7% déare.s out of and at 


reeson rer this is that this 


ew sets up fricticnal forces, which feed the olank forward. 


the foresee exerted on the mandrel is less 


methods. The entrance @ene angle of the 


rolis and the axial position of the rolls is very important 


and must be held 
In tne case 
is also of scréat 


Say, would cause 


to close limits. 
where ring dies are used, the profile of ring 
importance. A lovg taper cf 10 Gegree angle, 


excessive friction. Likewise, a short taper 


with a 25 degree cone enzle, say, would set up less i riiction, 


but would require more deformation with Liklihood of te aring. 


A cone anzle of 15 desrees or tnereaoouts is senerally used. 
The shape of the ring profile will also vary if the work is 
hot or @old, the latter producing guch higher friction forces. 
schneider of Creusot in 1921 recommended a die rine profile 
which is the are of a cirele whose redius is 7 1/2 times the 
radial distance to be drawn off by that rine. The senerally 
used shape of profile has ea short entrence cone angle, & 
short usually 2/8" cylindrical section, followed by an exit 
cone antle, which is desizned to yrotect the edeee of the 
cylindrical section from breakin. 

The draw rings may be spaced so that the blank may de 
in only ome ring at a time, or so that it may »ve in two or 
more rings at the same time. In the first case léat force 
is required to push the blank through. In the second case, 
however, though more force is reauired, there 18 a tendency 
to reduce eccentricity and to prevent the runnine ehead of 
the Dlank in front of the mandre@l. The temperature of the 
blenk should be equalized in order to prevent irresuler draw- 
ing due to temperature differences in the blank. It is 
preferable to have the plane in which the draw ring touches 
the shell blank (lst pass on a boat-tailed forgings) be 


Where the radius of the cavity joins the taper. The reason 
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for this is to permit the entrepped zases in front so: the 
vandrel to escape past the mandrel. If the rine is placed 


farther back the gases do not escape, aii tle Onsuinsg -as 
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pressures may be sufficient tocause so-called “Walloon 
cavities" or even runnins ahead. In succeedinz passes run- 
ning shead can be eliminated by lubricating tne cylindrical 
pait of the mandrel and thus facilitating extrusion, and by 
havine the blank start into the sueceedins rins before it 

i aves the one it is in. 

iit is to be understood that the sheave of the mandrel is 
decided by the specifications for the @avity. 

Roller dies are used since they produce less friction 
and hence last lonzer, but running ahead 1s more difficult 
to control. In zeneral, the same considerations apply as in 
the case of ring dies. Roller dies sencrally produce lons- 
itudinal flashes or fins on the blank which are easily re- 
moved in the finishins pass by a regular draw rins or another 
roller die. 

One trouble must be constantly guarded azainst during 
the drawing orocess and that is punghinzs the mandrel through 
the base of the shell. This is usually prevented 0; water 
Spraying tne base of the shell, coslinz it off, and thus hard- 
eninge it. 

In a@ variation to the preceedinz methods of piercing and 


then drawings called the pierce-bottom-and draw »orocess no 


D 


water is used. The slue is first pierced a little less deep- 
ly than in the regular pierce and draw method. the odolanx is 


removed and descaled by turning it upside down and spading 
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it or hitting it asainst a stop. The blank is then placed 
into the oottoming die of a second press which is centered 

by a cone where it is pierced still deep»yr. The dsottoming 
die, which is water cooled by removal and immersion in water 
between strokes, cools the base ena of the shell und thus 
prevents subssauent perforation. On the upstroke the piercer 
carries the blank wlth Lt, the bottominz die is removed and 
then actin= as eo mandrel the plercing ounch descends azain t o 
push the blank through a set of draw rings to complete the 

. process. ‘The method ia not used for shells larger than 105 
mm. dDecause of the GLfficulty of removing, the bottoming 


tool after cach operation. 


Mecnanical Machines for Piercing and Drawing | 

In the previous section hydraulically driven niercinzg 
preeses and draw benches were discussed. ‘There are cases 
where a mechanical piereine press is used with ea hydrauli- 
cally driven draw bench; likewise, the reverse combination 
is also found. T’ én too, there are some plants wsine purely 
mechanically driven forgine machines in the pierce and draw 
method. Six nlants were usins such a system in the U.S. at 
the time of the report (1943). 

fost of tnese mechanically driven forsins machines were 
in the horizontal position. Some of the machincs vesde a Con= 
tinuous, slow, recipr:ceting motion of the farrine tools, whereas 
in ‘the others there was a psuse between each forging stmke 


soas to vermit shifting the blank from one die to the next, 
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or to vermit the meehine to index 2a movable blank holder 


(i) 


from one »xosition to the next. Where a continuous stroke 
was used the motion had to be slow enough to permit these ch- 
anse overs. 

The forgings principleg and methods are essentially the 
same whether hydravlie or mechanical piercine is used. ‘The 
mechanical oress, however, usually using sn electric motor 
end flywheel arrangsement, exerts more force at the end or 
the etroke than in the middle of it. This feature adapts 
them well for the proeressive plercins method where cach 
sueceedin= punch penetrates more deenly. <A stronz enoush 
machine can complete the plercing in one stroke. 

iydravlic machines senerally stall if an overload is 
created, but a mechanical machine will teer itself apart 
under similar conditions unless fitted with overload safety 
devices, Thess devices senerally consist of a connecting 
rod which will bue”le or a bolt that will break end thus 
stop the press before any damasse ensues in case of an over- 
losd. 

As mentioned previously, most of the mechanically 
driven vresses are horigontal. The problem of eccentricity 
thus becomes very important dhce the bottom of the die 
wears very rapidly due to the slues restin= on it and also 
because the scale collects there and increases the wear. 
The usual means of improving xxXxixxexmixn, the cuncentricity 


is to slug the blank or to uge split dies. These were 
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discussed previously and need no particular amplification. 
Anot*er method to ensure better concentricity is to euard 
azainst differential expansion between the punch carrier 

and die Dlock due to differences in temperature. The die 
block is usually water cocled to reduce this differential ex- 


pansion. 


loaf 


The procedure in the makince of the shel forging is 


us} 


Simllar to that previously described. ‘The Slag is First 
squashed and cupped for centering, then pierced to the desired 
depth depending on the capacity of the machine. The bdiank 


be} 


is then finished dy pushing it through draw rings by means 
of a mechanically driven mandrel. 

An inte: esting type of mechanical forsins machine is 
the so-called bulldozer, which is essentially a slow movins 
crank press with usvally horizontal crosshcads. The cross- 
head js usually wide encuch tc accomedate two forsings at the 
Same time; thus the machine can ‘seep two rorge lines going. 
Here arain, the differential expansion between the punches 
and die block must be counteracted by water coolinz the die 
block, or by heating the die block to its overating temp- 
erature.and settine 1t in alienment with the puneh. The die 
bushinss are gsencrelly of small taper so as to cet more uniform 
work on the blank when it is foreed through the die rines 
(actuelly only one draw ring is used). Since the die bushings 
wear quickly they must be replaced frequenil) to ensure con- 


centricity. 


To? £%2938 involve4 %ri e&th OLiank in this proeese ar 
generally ac follows: (1) The found or square slus is 
squachcd and cucned in the first dia. (2) ‘The Blank is 
menuclly mowed to the next aie slongside the first where 
it. is neartielly vieres4 by another pumeh., (7) The biank 
ig omain twenually noved to a third die bushin= slon=side 
the second where the olercine is commlated. (4) Fanally 
the bisnk is olseed on & mandre] where it is foreed through 


a sincle a4rew rine to oenmplete the shell foreing. 


Erench -oxirusion Method 

Tig process thoush quite simple and efficient is not 
micn used perhaps due to the fact that machine duilders have 
never mede parts so that presses could be adapted to this 
process, andbecause of lack of information on controlling, 
the dimensions of the extruded blank. The process consiste 
in acwally ertrudine the metal; 1.e., forcings it through an 
Openiny (not to be sonfused with extrusion as used before 
Where nmelai ina die flows in a direction opposite to that 
of ‘he punch). ‘Sehemetically the process may be indicated as 
in the sketen below: 


PISTON 


HOLDER 
SLUG 


GORGE 


PUNCH 
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The sluc is placed in the holder or container. A piston 
then enters the holder and exerts pressure on the slus causing 
the flow of metal throush the corze and over the punch. This 
method reduces die friction considerably. There is no control 
over the outside diameter other than the relation between 
the punch and holder which therefore is critical and must be 
maintained. 

In actual practice the method was observed in use on 
a bulldozer, which had been adapted to the method. The opera- 
tion wes similar to that described for the schematic sketch 
except that the piston of the sketch became a stationary abut- 
ment, and the punch and holder did the movinae. The nose cof 
the plercing puneh was made flat because the round punch 
sathers scale and steel. The bottoming, or second punch used, 


was made with a round head, 


Prozreszive Plercin= or Upsstter Method 
As the name of the process indicates, the forzing of 

the shell olank is earried out so that only a part of the 

lenzth is plerced at one tine while the rest of the lenrth is 

firmly held in split dies. The process, therefore, senerally 

involves four to six steos before the blank is completed. 

The process is well adapted to 75 mm.and 90 mm.shell produc- 

tion thouzh it has been used on shells up to 155 mm. size. 


In makxinz the larcer shells a sinzle sluz with a ton: noid 


is used, whereas in the case of the smaller shells 2 round 
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bar with a leneth of two or more slugs is used. Square bar 
stock is used in some cases, but generally round stock is 
used. 

The method was developed at the Frankford Arsenal in 
the early 1970's. Since the forging machines, which were 
adapted to this method were originally designed to forse a 
head on a bolt by upsetting, the name "“upsetter” for the pro- 
cess has been carried over. Similerly the size designations 
of the machines have been carried over. Thus a five inch 
upsetter was one which could forge a head on a red hot five 
inch round bolt. 

The method consists in first applying a preliminary up- 
set usually coupled with a short centering picrce; the up- 
setting is then followed by a series or deeper and deeper 
piercings, The vlank is then trimmed and given its last 
Sizins and shaping, 

‘the usual forgings machine is electrically powered and 
usually holds workinz dies and tool holders large enousgs to 
Sive four or six forsin:; impressions. The forsing is trans- 
ferred to the next die after completion of operations ina 
given di¢ ubil all steps in the forging have deen completed. 
The dies are split and at the beginnings of a cycle are 
automatically closed by a quick-acting cam., the dies grip 
the billet prior to forging. At the end of the ¢ycle the dies 
are automatically opened aa the piercins punch is retracted 


thus permitting easy transfer of the blank to the next die 


- Ripe 
and operation. The usual machine can give 25 to 75 working 
strokes oer minute when idling (4i.6., not actually forzinez). 
A complete cycle woulda se as follows: 


lL. the cam activated dies close and srip the billet. 


mM 


. the tools and holier enter the die; one tool displaces 
the hot bar into the die impression, 


43. The tool holder and tools return to the normal at 
rest position. 


4, As the tools return the dies are opensd, the dies 
end up in the onen position. 


=. The blenk is removed and transferred to the next die. 

6. The above cycle is reneated, 

The process finds two variations in industry. In one 
case the forsing is made without a collar. In the other case 
the forzing is made with e collar. 

The method of forsing without a collar is slizhtly more 
economical in the use of the metal since no collar is formed, 
Which must later be trimmed off, however, more skillful 
operators are required. Even then bad forzinss are often 
produced. For that and cther reasons,in the leter stages 
of world “Yar II, this method was discontinued for the produc- 
tion of Arny shells. Other disadventarses of the system 
included irregular forgings, difficulty in stripvinc, and 
excessive dle wear. This excessive die wear resulted when 
the piercing of the hot bar was followed by metal flowing 
ahead of the punch fillins up the die and causinz the balance 


of the stock material to extrude (flow opposite to direction 


=g5- 


of piereines) ceusine excessive die wear and irregular stock 
distrubition. 

In order to eliminate the extrusion noted above forging 
with s collar was adopted. The method produced better results 
witn less skilled operators. Usually the first pass consists 
of two blows. The first blow zenerally loosens and splinters 
the scale and forms a bulbous upset end. ‘fhe second blow 
follows after the billet is rotated 90 degrees. This blow 
forms a collar on the forging. 

Sinee the final volume of metal in the shell is dependent 
on tune original volume of metal, the size and shape of the 
first upset are considered most important since this die must 
be comd@dstoly filled after the first pass. As the die wears 
the volume chanzes. This must be allowed for by inereasing 
the volume of metal oy changing the stock game setting, or by 
éh@agihe LO &@ punch with a smaller plus or center to allow 
for the extess material in the die. Diés'for the second, third, 
and fourth pesses snould be so designed that no overfills occur; 
in fact the second and third passes are designed to have a 
little underfill in order to prevent any extrusion. the last 
die is a close fittings, shaping and sizing die. 

20ometimes the use of too light a machine for the job 
results in the springing (moving epart) of the split typo dies 
due to the erycessive pressures encountered in the last part of 
the workine siroke. The result is an eccentric forsing and 


also one with fins on it. Further more, the dies will come 
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tervether when the punch is retracted, thus aakin~ ‘he forging 
Oval in cress section. Other causes of an eccentric “orging , 
Which muat Ye continually enaried acainst as tr other methods 
of forsine, are wearlns of dies, overaived stoek, misalien- 
ment of tools (due to temperature aL? ferences or mechanical 
misaijanment) and work slides and tozcles. 

When round bar stock its umed close-tolerance bars sre 
used in order to metaway from continually readjustine the 
olllet lentth in order to set the correct wiecht of metal. As 
a consequence the stock used ig erypensive and was difficult 
to procure durincs war time. As e@ reenlt sauare bor waa tried 
successfully in the process. In this case allowance is made 
for the esenpe of meses ahead of the punch by having a lonzi- 
tudinal hole in the punch, Sometimes this hole is replaced 
by several smaller holes resultiny in the sc-ecalled salt 
Ghaker ounch, The advantase of this kind of a@ punch is that 
in case er¢essive pressures are built up ahead of the  cunch 
instead of the metal extrudine back into a single laree cas 
escape hole to foru a peneil of steel it tends to bs chilled 
by Deln~ rorced into several smeller holes and thus doesn't 
create lony pencils of steel at the case of the shell forging, 
but small mounds of metal, These small mounds of metal are 
eaten back into the base metal by a hammer while the forzing 
is hot. In the case where 4 lony peneil of steel 45 formed, 


e2 goecial tool is required to cut it off since hameering 
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would csuse a lap, ‘The stumyp is then hammered into the base, 
Jelow are some sketches of provsressive piercins with 


anid wlthout a collar for the “irst two passes only to indicate 


their caifferences, 
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: Pierce Hammer and Draw Vethod 


This method of makinz the shell forsines was a make 


shift arrangement of existing equipment »oroucht by the 


exigencies of war. 


No szeneral adoption of the method wes 


found in industry, but its process produces shells in a 


spectacular feshion,. 


down into the followins steps: 


pierees the sluc; arn inverted Gie pot is used here. 


after descaline, a 


several blows. 


Thirdly, another crank press 


Essentially the vrocess can be 


First, @ crank press 


broken 
7re- 


Secondly, 


steam hammer finishes the viercine with 


pushes the blank 


through a aie which serves both as a draw rine and trimsing 


dle. 
In the first step the slus used is 
and rounded comers. A pair of pvroncs 


uprisht and vertical position on ton of 


puneh. an inverted die not descends to 
plercins. ‘he prongs automatically are 
ef the die pot as it descends. The 


of square 


holds ths 


the 


water 


cross section 
Slus in an 


cooled 


meke the first partial 


taken out of the way 


pol in which it sticks after the plereins. 


The slug 
Bnroute it ls descaled manually. 
then inverted 
steam hammer, 
of that after the hemmer hec 


ithe cie so 


the two parts ofr 


complete, 


made 


several. 


elus, rises with the die 


is then ejected and sent to & steam hammer, 
The haif-pierced slug is 
and placed in the stationary bottom die of the 


The hammer also carries with it the upper part 


tmokes 


the die come together and the forcims 168 


A flash is produced around the fomjins where the 
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ton and bottom parts of the die come together, 
; After removal of the blank fiom the die pot, water is 
sprayed on its base to harden it for the aubdsequent opera- 
tion. The blank is then taken to another crank press where 
the punch acts as a mandrel and forces the blank through a 
draw rine desicned to trim the flash mentioned previously 

nd to draw the shell to finished size. 

At first the process had high scrap losses, but later 
With more experience, scrap losses were reduced to a mini- 
mul. 


The three staces of the process sreindicated schematically 


below, 
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